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PROBLEM TO BE SOLVED: To provide an R-T-B sintered magnet 
which is manufactured by the use of R-T-B sintered magnet alloy 
powder through a reduction diffusion method, inexpensive, and high 
in performance, a ring magnet and a voice coil motor. 
SOLUTION: An R-T-B sintered magnet contains an R2T14B 
intermetallic compound (R denotes one or more rare earth 
elements, including Y; and T is Fe or Fe and Co) as a main phase, is 
below 0.02 wt.% (not zero) in avoidable Ca content, and provided 
with a main phase crystal grain part which resides through a rare 
earth rich phase, containing at least two or more parts that are a 
core part and a surface both formed of main phase crystal grains, 
where the main phase crystal grains of the surface are 0.5 to 50 nm 
in average crystal grain diameter. 
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[#fFH#0>ttH] 

*tf#±ia7c*wia*ytfi2aj^jbT-*>»j, niFe 

JfcfiFeiCotifei) ^3£te<t-T6R-T-B^^ 
*^fiBK*#S*LSC a a*S0. 02SS%** (0£-&£ 

e e B ^co^^ B e B ^^0. 5~50nm-C& 3 r £ SrWflR t i~ 
5R-T-B||«, 

* 6 ±«IMMfctt#G> £ 6 fljRJ£4**si00 

[f*#*g3] *S%r\ ±K*»35SR : 27-33%, 
B : 0.8 — 1.5%, M : 0.01— 1 % (MttA 1, Ga, N 

c uco i miktc&2m£i±.) , sst^P)*^ ^ 

^II(^*^tt6iiM0.6%^i, j^i?tfi^0.2%J£Jt 
T*5<ta^S^7.53g/cm 3 ^iTifeot, 2<rCfc*5tt5 
ASlit(Hk/iHc)^95%W±. S*^^u=¥-|g (BH)max 
^302. 5kJ/m 3 (38MG0e) J^JbT*feS»**g 1 £7tl3:2(e: 
ffitttf) R - T ~ B ^ttfitt^o 

[»*«4] R2 Ti 4 Bffl&JRMft;** (RttY«r 
$tf*±IS7C*Oia*fctt2a^±T-*>t) , TUFe 
SfcliFe^Co-C&S) ^±lS^t^R-T-Bii 

*pT*c**3;txSC a £#0. 02fifi%*« (0£^£ 

fttt<z>sp*S»*«i«*S0. 5-50nmi?& Sit Sr#«i -f 
3 y >^a^o 

[ W#Jg 5 ] R 2 T i 4 B S&jKRHb'd'fe ( R Y £ 
^fcliFeiCot^) 3r£tB<t"r3R-T~B*#B 
WE«3B«^tt^ pT5B^^ * ^5Ca 4^0. 02fifi% 

< <t t 2«SJ!^JiCD±t@^ B ^^^^^^cO^^, 
^IS^@^^i^^H ra 0 *ico¥^^B B B ^^O. 5-50nmT* 

[0 0 0 1 ] 

R-T- B»«j»W^ffl-&*»* (R(;£Y£^fr#r±3I 
tc^c?) 5 t^OD 1 m-£tztt2ffiM±X*&> *) % TliFe*fc 
ttF e <b C o T*&6) ^ffl^T^it^^^^fifliTT'^Oi^ 



(2) ftf|2 0 0 1 - 2 9 7 9 0 7 

tttBOR-T-B^±£ffi*Sfi£&. y >^«^4oJ:tJS 
[0 0 0 2] 

»»*ft*±«7C*, Fe^fcliFetCofcit/B^ 

J#(£flM,\ R-T-B*«tt«^OlR«fi«3ft5it^, <t 
[0 0 0 3] R-T-B^1TOR-T-B||g 

*j «t t«ffi*ya l r sat $ r - t - b 

t\ *±«!Mfc*, Fe-B (Fe-Co-B) 

3c, F e»**3J:t> # 3S7caijT*feS!&SC a ^ftit^T* 

7c/$:m& (Reduction/Diffusion^) lc J; «J ffiR $ ft 
S*A*»*(JSJIT, wft£R/D*&*£</^) ^fc6 0 
[0 0 0 4] Lrt>U ^^^ffl^-rrai^R 

-T-B*Jft««^lCtfc-<T, R/D»**ffl^Tf1s» 
LfcR-T-B Xtttttt^UA ^Jt*5 J: X*ffl&Jl i Hc^ 

ao, mm&£xfmm&*&mi^tftztf>twmtsti 

30 «kSl£«(OR*S*fifc»S:a}*« tCSAl, C 

a 0«ORjCMfe***«5»*+^»*i < »a uav^ 

[0 0 0 5] ±IEPp1)S<O^JK^ Lt, #^Bg63-310905 

*^«"CI4, {&mm. (SCa©R-T-B*R/D»* 

^mmvtzm^X'i,, ih41±r-t-b^r/d(9 

3i<DC a ^Wft^i-^-tf ^0. 05-0. im^%ma*r'(D 

fco Z<Dtztb. HtJteR/D^CO^^ffl^TR-T-B 
^*g^^^KLfc^, R-T-Bf^l^i^ 
(Ca^^ft: ti^Oppm) S:ffll^Tfl?» U^R - T - 
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3 

Zo mmz, ft fflit (Hk/iHc) ^^bUTiBJfitt^^ 

jSK^v^T, 4 7c I imt<0#i£) aso.9Bri;i*5te«<G> 
H («#*>SSS) (*<oK4l:-e*>6. Brf±«a«*«fff-C 

D-&A»*s:gf^* («x.tfio—ioom*%) i^lt 

[0 0 0 6] 

HMtt, ilTcffim&^^^R-T-B^^^^ 

WJtT'&i?, TttFe*tliFeiCot'fc5) 
TKit £ ttfcgc«-C35^0i«ttffi<0 R - T - B 

kX&>% 0 
[0 0 0 7] 

[«HS:**t5fc«>0¥ft] ±e«W***Lfc*» 
f^tt, R 2 Ti 4 BSl&mmib&Vo (RfiYS:$tf«r± 

ei:Cot'fc5) ^tltt5R-T-B^l^T' 
£>o~C, ^"SliB^^r^nSC a ft/^O. 02fift%5fcii§ 

(o£^£-f) -cfct), t±iy7ft@^tt#at 

T-B**j»«^5i-C*><5. HfllEC a^mm&m-tZt t 

ifc&tc J: 6 R - T - B li»ffl^»5:fflV^ci 
^KJfc^ t ft fflJt (Hk/iHc), ««*Wc««rSMrK[SlJ: 

(CJ;5R-T-B Ilg^ffl^Mf ^rffl t ^cf 
it -<Tft§yit (Hk/iHc), ««*iHc^SrS*(crfi]±L^: 
R-T-B^^^^^^^tb^o Wimffiftsffii^ 
te, fi*%T\ ***4>|fl*iSR : 27-33%, B : 0. 8 
— 1.5%, M: 0.01—1% (Ml* A 1 , Ga, Nb, C 

tM8«*57. 53g/cm 3 JgJLhoo £ # (c, 20 < C(c4ott>5ft^lt 
(Hk/iHc)#95%J£A_L, A*^/^— 81 (BH)max^302. 5 
kJ/m 3 (38MG0e)J^±(c^t9, 

[0008] *mw<n%£%*Mftv>mmzm\^, f&mm^ 

i\ J15ctt»&^J:0«5fiS^R-T-B**jBa^ 
^{££133-1.2x10" 3 Pa (1x10° 
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— 9x10- 6 Torr ) ^S^*"t*850— lOSOtCLADfR-T £ 

— 1.2x10" 3 Pa (1 x10°- 9 x10" 6 Torr) 
4"T-550-650 < C;c*pf&-f £ 1 ft@ 0X£tt*MQ!9& , gc 
^T133-1.2xl0" 3 Pa ( 1 x10° — 9 xlO" 6 Torr) 
<7)X£ f T*850- 1 050t: td ftUR-T 5 2 » g coX^P ^ 

*«3&s««**tS<©T#*Lv^ X£An!»&Jl*f+tt:, 
l^coS^PHa^<0^, 133-1.2x10- 3 Pa (l 
70 x 10° — 9 x 10" 6 Torr) <7>M£g-C;^o850-1050 < t; 
oADSRi&S^riliR-t-Swi: Affile a <Dtctblc&& Lv\ 

d^ojJSttfflKJ: SteVMOSO^TaW* LV\ 1050°CiH 

B§ti900-1000t:T**)^o 1 ©<7?S^PfftftLS^*DllR«F 
P^fiO. 5- 5 B#|H^»* UV\ 0. 5NFra*S9TN*JlfcC a a* 

20 -h^t-tT^tt-f , 5 mmmx'teWic a Ejects?*] lt^o 

^S^^ h^tf^i-^o K^ffi«X^^^±133— 1.2 
x 10" 3 Pa (1 x10°-9 x10" 6 Torr) "CfcixtfJlfc 
C a *mmr$-Z><D\z.-\-ftX&>Z> 0 133Pa (lx10°Tor 
r) *it1«Ca^Slt'fc^ 1.2x10- 3 Pa (9 
x 10- 6 Torr) igtf>ii5X£^SUB f*Hffltetc;£ LV\> 2 

LT133— 1.2x10- 3 Pa (1 x10° — 9 x10~ 6 Torr) 
(DM^Xfr^BSQ^ 650 c C<7)AD?ffc#:#£Sffii-£ w ^ 

30 ^-C*>6Ca(0H) 2 a*CaO£H2 0fc#|«i-Si&«a s 580 , C 

<Dj&f^ib, jKj580 € C-CJW,7K^-rSJ:5t-iaiwK^ 

» @ ^Kffl»«R«!aoapJ|ft«»ttO. 5- 5 «FPfl35« J: v > 0 

40 [0 0 0 9] *«^OR-T~B^«B*g^^i|adtPS^ 
ii%t^5o Rftf±27-33%^»* L^o Rft^27% 

^ffix*temm^mz-z>\\\c<Dnmmmx*3b*) , 33%@ 

-efiBrj5S^:^<tg:Ti-6o IffliRHTNd, Dy, 

0.8-1.5%^^ L< , 0.9-1.2%^ X Lt\ B 

*^0.8%^r-(i^icl+x.^iHc<D^m^EfSlr*fc 
1.5%fiT^iBr^^t<(g;Ti"-5a NbSJiO.OT- 
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5 

*t <(&Ti-5o A ltttO.ONl%^ff*L^ g Al 

T-ttBr*5*t < <£T-f 6, G a filiO. 01-1 L 
v\ G a fi3&so.01%*S8T-fiiHc<DiPi±S(i**s^p ) ^ 
-f, l%iHT?ttBr*s*#<ffiTi-S. CuittO.01-1 

o.oi%*»-cttja*A«B««)e>*xr, i%ttT?ttiHc 

<D|6l±aii*3ft«ttfiJi-6. Coili0.3-5°/o»4L 
v\ C o**S0.3%*«fCtt^ra y-**5J:t^B*ttt^ 
l^±3**^#^tt-fx 5%«-CttBr, iHc*s*#<«T 

<, 0.4%«T#J: 9#£L<, 0.2%*»#WK»£L 
V\ Sfcfc, »***0.3%JeJLTf-i£«b^t#, R*a 
*T»i, #£L< [3:28-32%, J: 0 #* U < «29~31% 

fiO. 2%J^T, J: 9 L < 1*0. \%£KT& <fcv\, 
[0010] 

(Nd, Dy) :30%, B:1.0%, Al : 0.03%, SI 
e irftSJ; Jf3fc*99. 9%J^_h(D (Nd, Dy) 

Fe-B^, mmo6nmi>r-<DF etS» 

*^J:t^«TlE#±«»ft»*ft*SJC*±100%»5c+ 
^(7)(c^i-6* «k^S8ftfi«j^S*) cQl.OfiSW&JRC 

KPI^tbi*. Mg, CaH2*fcHMgH2^f|t 
fb**lfcW!fi&KJItt0.5'-2«eF365»*LV\ <b^ 

D^^CAiPt , T/U =f >%fm^\ * T* 1 000- 1 300<C x 
l-10«FlBl*DjRi-^R/DRjC«rtTV\ *0>«*ia*-C 
^*n-T6 0 R/DK/S^PjRabftdMOOO^x iB#ra*«S 
TttX«^*±*tt*R/DRlS3& s *»**bi*, 1300X: 
xlONFlBJje^HR/DSlC^fifP-rSo *#6tt^ 
R/DRffi***^«^<Ottffi«C«|»»«, i**i-So 
fomz&v)^ R/DRl6BJ^j«»-CfcS*Kl£^JRC 
a, CaO, Ca(0H) 2 ^^cUCaCOa ^^rJJfe^^^tttB LT 

— ^(CLT^MBS63-310905^«(C|2*fe(7)-f >fc fc** 
-* (*j«tt§6»#J*) £5 x10~ 3 g/I^DL^i5fcfr 
** ffl ^ * * ft}** * ttft»»o»{b»W«!i* Sr» 6 

Ift*«U JK^T13. 3-1-2x10" : *Pa (10" 1 -9x1 
0- "Torr) ^^T«LTR-T-B^W5 
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(5 

^#lS^ c PT'^^2-10/im(^«»#i-6o 
[0 0 1 l] A^T, *«6«lcJ:l3*JBW*KWi-5*^ 

* tt h nmm i - £ v *m w & m $s £ n s t <o m * v \ 

(HlffiW 1 ) «JH»t LTV^-fttt 1**99. 9%J^_Lcqn 
10 d203, PreOii, Dy203, FeB, Ga4 

Fe3, Fe»* (8S#«t&106 /i m7>** -) £*, * 1 CO 

^3fftft***W^l!*^1.0ffiFlc:W*Lfco Set-* W 

SrR/DKjC^lciA^S, Tyu=r>ffl^*-ei 100^x4 
«PBBAPfRLTR/Dg:iESrfi : o/£i«. ^£T*tfr£PL 

««piBac»a, K*Lfc, ttt^rafa, me.iPa (o.ost 

20 orr) coK^I 3 T*«« IT , R-Fe-B^R/D|g 
SrfffCo ^tcR/ / Dm©^32/r>i7>r-(c^^m, 

*5 N d : 23. 77%, P r : 6. 03%, D y : 2. 28%, B : 
1.10%, Ga : 0. 12%, ^Fetfc!), ^F^Iig^F^ 
atCa : 0.122%, 0:0.550%, C:0.083%£r^ 
A/T'V^yc 0 J^tc, ffitmffi&mmm&l&G2Q-6kA/m (8 
kOe) , ^/E1.6x10 8 Pa(1.6h>/cm 2 )T'^#^L 
tc 0 ^v^T^ R)c^(^6.7x10- 4 Pa (5x10- 6 Tor 
30 r) (DX^^T'lOOO^x lB^KcoK^PflftAaiSSrtSL 
fc 0 JR^-C*fo1.3x10- 2 Pa (lx10" 4 Torr) co^^ 
^T'1080°Cx 2NFra^«6^«rtfoyho ^V^T, TA>dt*y> 

^oa^^r-goo^x i 1 550T: x l^^^n^n 

ofc »ftia«oj!*jftfr(0»«fll[*:«l^, ^fc^^ 

(20r) TiBiJ^b^:««WttSr*2lc:^-r o ffi^ 
«c«rBfS^+fe*-*DXa, ^wi^W**rtfofe. «SV^T«> 
o#Sfttoa«rJ6Lyt«, 5pt&IKl?10/imco«»N i 

KlRWttwSJ^JBSSr-tix-Ptt* 1 , 2 ic^-r o * 1 , 
2^*>ttSH*60»J 1 tktmm 1 (toJt^E^b, BufE^j^ 

6.7x10- 4 Pa (5x10~ 6 Torr) ^K^^TMOOO^ x 
1 WB^ll^DfRftliaSrtTofcattjS L/c^0iJ 1 

»«^"CttC a S"**^SI**C«^Lr*5») , tilt) 

0>*&»flfc&l*?eft, Br, iHc, (BH)max*5j:a*^Mtb (Hk 
50 /iHc) is^fnfcHv^ ^t5^^5o 
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[0 0 13] 
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Nd 
(wtfc) 


Pr 
(wtX) 


Dy 
(wtX) 


B 

(wtX) 


Ga 
(wtX) 


Ca 
<wtK) 


C 

(wtX) 


0 

(wt3) 


Fe 
(wtX) 




23. 70 


6. 00 


2. 28 


1. 10 


0. 12 


0. 012 


0. 073 


0. 540 


bat. 




23. 70 


6. 00 


2. 28 


1. 10 


0. 12 


0. 011 


0. 072 


0. 500 




19. 57 


5. 33 


4. 96 


0. 88 


0. 08 


0. Oil 


0. 075 


0. 198 


ht«0»J 1 


23. 72 


6. 01 


2. 28 


1. 10 


0. 12 


0. 040 


0. 080 


0. 570 


J±»fll 2 


23. 71 


6. 00 


2. 28 


1. 10 


0. 12 


0. 042 


0. 081 


0. 580 


tmm 3 


19. 57 


5. 34 


4. 96 


0. 88 


0. 08 


0. 042 


0. 077 


0. 350 



10 1^2] 







Br 


i He 


(BH)max 


Hk/iHc 




(g/cc) 


(kG) 


(kOe) 


(MGOe) 


(*) 


mmm i 


7. 54 


12. 7 


17. 8 


38. 3 


95. 6 




7. 55 










mmm3 


7. 63 


12. 6 


23. 7 


38. 6 


96. 7 




7. 52 


12. 6 


17. 0 


37. 6 


85. 0 




7. 52 










itmm3 


7. 58 


12. 4 


20. 0 


35. 6 


87. 0 



[0014] mmm 2 ) nmw 1 xi^m x^tcumm 
tcf&M&*i¥mLti 0 m^x, 7x10- 4 p 

a (5x10" 6 Torr) <DM^ -C600<C x i tffffltomm, 
£ ibM#)1.3x10- 4 Pa (lx10~ 6 Torr) (DM^xi 

oooxzx ltifmrnm-rz 2^(om^mMm^n^^ 0 

%:<»'ik. &Jl.3x10~ 2 Pa (lxlO- 4 Torr) (DM^ 

t-io8o < cx 2mmcomife&ft<>f^&s ^^x^i, 

7t 0 Kk^, mmm&mcr^^ ^mn*x9oox:x 1 30 

(¥-&JmmWnm) ZMlsX, ^30mm, F^^24m 

©tttt^ V^ r «^T(cit'<T8%(B:^o/t. T^&mt^X 
$£*x5Ca(0H) 2 75^7K$nrCa0^^>5^S^600 o C 

•cfcSOT, 3tJK«2<oy > i/t&^njjgpi] 1 



[0 0 15] (Xffi0j3) M%-C±5cft»^Nd :1 
9.57%, Pr :5. 33%, Dy : 4. 96%, B :0.88%, G 
a :0.08%, F e <D R/D«&5fclcft 6 «t 5 

ttfett (^p°n^ : ffi3t»^MttJ3feX-/\-V**PA-30) ^{dS 

T, fp*0?»»Mffi795.8kVm(10kOe), ^ffi^7.8xl0 
7 Pa (0.8r>/cm 2 ) <D0ki*XffiMmm3£f&M$:ft\<\ m 

KKAflL *S6.7Pa (5x10~ 2 Torr) <D||£*-C200 o C 
x2WDit5MM^Sl/Sio 3l#tt##*)6.7x1 
0~ 4 Pa (5xi0- 6 Torr) coX^^T600T:x l R#Ph1go 
lSBooJt^PjRftt.aS^tfo^o it^r^6.7x10- 4 P 
a (5x10~ 6 Torr) ^K^^T'lOOOtx l 2 ^ 

@o^^0^3S$rJSLfc o SBc^T, ^]1.3x10- 2 Pa 
(1 x10" 4 Torr) <DM^X)010°C x 3fipRQAlfRSS 

^ N r/u^>#(s^: c f i -c900 o cx mf^ssotx ip#^ 

HfNiJ6o# (SF*&IKff10/im) LT*38^oj& 

««^Sr»^o * i «-«ria«S3»*w»Wtt*. * 2 fesg 

■JR««*«^r22; 22 (J?^tm=4mm) Sr. 
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tt»+*ft#-C»««, ««SI«40Sr^LT3Satt(*:» 
(03- ^23, 25<Z>Sffil::#*J£»LTig4 CO^V *=»>f 
^•=t— ^20*rf^SJLfc. #ct-, *=^yi^e-*20<£> 
^^RS40tC*3t>r > (tg/2) T^^o^a^ffi^t: 0 

to 

£-^<o£i£,#j1.3x10- 2 Pa (lx10~ 4 Torr) wSg 
*T1070°C x 3 titmm'&^U* LT*3|*(tSr» 

(j?^tm= 4mm) S:ff»Lfc 0 rotfcK^Jco^^ 
*J6«3<75]H™»««6»«522 i 22^«x.rH4 

^^/i^e—^^^T, (tg/2) -C*»o^B(8l3K*ft 

rant** (ctt^tsBesi^*^ se>u:#>r 

So ^SS^J3T*fm^^rffl^fc^SrfE«cU/c^, 

aim. Kfcttt-frfiKtt^wftMt^a 

«l*S«^<O»**«:0.2%*», C a$*rS£:6.02%* 
iH (0&^£-f) , K*«**Sr0.1%£JlT*3Jtt«SflE«: 
7.57-7.70 Mg/m 3 (g/cm 3 ) IdTS r £ So W 

20 < C(c*5iNT > 302. 5-398kJ/m 3 (38— 50MGOe) 
0(BH)max, 1432. 4-1989. 5kA/m (18-25kOe) coiHcjo 
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(54) R-T-B SINTERED MAGNET, RING MAGNET AND VOICE COIL MOTOR 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an R-T-B sintered magnet which is 
manufactured by the use of R-T-B sintered magnet alloy powder through a 
reduction diffusion method, inexpensive, and high in performance, a ring magnet 
and a voice coil motor. 

SOLUTION: An R-T-B sintered magnet contains an R2T14B intermetallic 
compound (R denotes one or more rare earth elements, including Y; and T is Fe 
or Fe and Co) as a main phase, is below 0.02 wt.% (not zero) in avoidable Ca 
content, and provided with a main phase crystal grain part which resides through 
a rare earth rich phase, containing at least two or more parts that are a core part 
and a surface both formed of main phase crystal grains, where the main phase 
crystal grains of the surface are 0.5 to 50 nm in average crystal grain diameter. 
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CLAIMS 



[Claim(s)] 

[Claim 1] R2T14B mold intermetallic compound (R is one sort of the rare earth 
elements containing Y, or two sorts or more) It is the R-T-B system sintered 
magnet made into the main phase. T - Fe, or Fe and Co - it is - The amount of 
calcium contained impossibly is less than (0 is not included) 0.02 % of the weight. 
The R-T-B system sintered magnet characterized by the diameter of average 
crystal grain of the main phase crystal grain of said surface section being 0.5- 
50nm while what the main phase crystal grain part which exists through a rare 
earth rich phase becomes from at least two or more main phase crystal grain, a 
core part and the surface section, is included. 

[Claim 2] The rare earth sintered magnet according to claim 1 which is less than 



50% per main phase crystal grain part whose number ratios which the main 
phase crystal grain part which consists of an aforementioned core part and the 
aforementioned surface section occupies when the main phase crystal grain part 
which exists through a rare earth rich phase is counted among one piece are 100 
pieces. 

[Claim 3] weight % ~ a major component - R:27 - 33%, B:0.8 - 1.5%, and M:0.01 
- 1 % (M - aluminum --) The amount of oxygen which consists of one sort of Ga, 
Nb, and Cu or two sorts or more, and the remainder T, and is contained 
impossibly Less than 0.6%, The R-T-B system sintered magnet according to 
claim 1 or 2 0.2% or less and whose consistency a carbon content is three or 
more 7.53 g/cm, whose square shape ratio (Hk/iHc) in 20 degrees C is 95% or 
more and whose maximum energy product (BH) max is more than 302.5 kJ/m3 
(38MGOe). 

[Claim 4] R2T14B mold intermetallic compound (R is one sort of the rare earth 
elements containing Y, or two sorts or more) It is the ring magnet which consists 
of a R-T-B system sintered magnet made into the main phase. T -- Fe, or Fe and 
Co - it is - The amount of calcium contained impossibly is less than (0 is not 
included) 0.02 % of the weight. The ring magnet characterized by the diameter of 
average crystal grain of the main phase crystal grain of said surface section 
being 0.5-50nm while what the main phase crystal grain part which exists 
through a rare earth rich phase becomes from at least two or more main phase 
crystal grain, a core part and the surface section, is included. 
[Claim 5] R2T14B mold intermetallic compound (R is one sort of the rare earth 
elements containing Y, or two sorts or more) It is a voice coil motor using the R- 
T-B system sintered magnet made into the main phase. T - Fe, or Fe and Co - it 
is - Said sintered magnet contains what the main phase crystal grain part which 
exists through a rare earth rich phase while the amount of calcium contained 
impossibly is less than (0 is not included) 0.02 % of the weight becomes from at 
least two or more main phase crystal grain, a core part and the surface section. 



And the voice coil motor characterized by the diameter of average crystal grain of 
the main phase crystal grain of said surface section being 0.5-50nm. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention was manufactured using the alloy powder 
for R-T-B system sintered magnets by the reduction diffusion method (R is one 
sort in the rare earth elements containing Y, or two sorts or more, and T is Fe, or 
Fe and Co) - it is cheap and is related with the R-T-B system rare earth sintered 
magnet, ring magnet, and voice coil motor of high performance. 
[0002] 

[Description of the Prior Art] Need of the R-T-B system sintered magnet 
[ comparatively / in resource / abundant rare earth elements, such as Nd, Dy, or 
Pr, and ] which uses Fe or Fe, and Co and B as a major component increases 
every year from having the high magnetic properties which are not in the former, 
and it came to occupy most rare earth magnet commercial scenes in the present 
condition. In connection with the increase of this need, the cost reduction of a R- 



T-B system sintered magnet progresses, it is more cheap and the thing of high 
performance has been required. 

[0003] In the alloy powder adjusted to the R-T-B system sintered magnet 
presentation, surface treatment is pressed, sintered, heat-treated and carried out, 
and a R-T-B system sintered magnet is manufactured. The grinding powder of R- 
T-B system ingot alloys (a strip cast alloy, or the RF dissolution / casting alloy) is 
mainly used as R-T-B system alloy powder. On the other hand, by blending the 
metal calcium which are a rare earth oxide, Fe-B (Fe-Co-B) alloy powder, Fe 
powder, and a reducing agent by the optimum dose ratio, and heating it in an 
inert gas ambient atmosphere after mixing as cheap R-T-B system alloy powder, 
calcium reduction / diffusion reaction is performed and it cools to a room 
temperature after that. Then, the process which washes and dries [ vacuum 
(heating) ]: There is alloy powder (this is hereafter called R/D powder) produced 
by reduction/diffusion method (Reduction/Diffusion law). 
[0004] However, compared with the R-T-B system sintered magnet produced 
using ingot alloy powder, the R-T-B system sintered magnet produced using R/D 
powder has the problem that magnetic properties, such as a square shape ratio 
and coercive force iHc, are low. This is judged because CaO, oxygen, carbon, 
etc. are included so much impossibly. In order to reduce said unescapable 
impurity, the reaction generation lump after calcium reduction / diffusion reaction 
is thrown in in penetrant removers (water etc.), and the various devices which 
extract reaction by-products, such as CaO, efficiently and flush them in a 
penetrant remover are given. Moreover, when it adds mechanical grinding or 
washing time amount is extended, and oxidation advances during washing or it is 
.exposed to atmospheric air from the vacuum or inert gas ambient atmosphere at 
the time of desiccation, there is [ in order to make easy to extract in a penetrant 
remover the reaction by-product which intervenes in a R/D reaction main 
constituent, ] a problem that oxidation advances notably. 
[0005] As a measure for the above-mentioned problem, rinsing, dehydration, and 
the approach of carrying out a vacuum drying are indicated by JP,63-310905,A 



[ 



using the water which carried out 10-3-10-2 g/l addition of the inhibitor (corrosion 
inhibitor) in rinsing of the resultant after calcium reduction / diffusion reaction as 
hypoxia and the manufacture approach of obtaining the R-T-B system R/D 
powder of low calcium. However, even when this manufacture approach was 
adopted, as for calcium content of industrial production top R-T-B system R/D 
powder, examination of this invention persons showed that reduction to about at 
most 0.05 - 0.1 % of the weight was a limitation. For this reason, when a R-T-B 
system sintered magnet is produced only using said R/D powder, as compared 
with the R-T-B system sintered magnet produced using R-T-B system ingot alloy 
powder (calcium content: about 0 ppm), calcium content becomes very high. 
There is a problem that a square shape ratio (Hk/iHc) deteriorates in coincidence, 
and it cannot apply to a heat-resistant application at it. Hk is the ** value of H 
(magnetic field strength) shaft of the location where 4pil (intensity of 
magnetization) becomes 0.9Br(s) in a 4pil-H demagnetization curve. Br is a 
residual magnetic flux density. Said problem is common in the R-T-B system 
sintered magnet which carried out specified quantity (for example, 10 - 100 % of 
the weight) combination, and produced the R/D alloy powder for the conventional 
R-T-B system sintered magnets. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, it is cheap and the 
technical problem of this invention is a thing which was manufactured using the 
alloy powder for R-T-B system sintered magnets by the reduction diffusion 
method (R is one sort in the rare earth elements containing Y, or two sorts or 
more, and T is Fe, or Fe and Co) and which offer the R-T-B system sintered 
magnet, ring magnet, and voice coil motor of high performance. 
[0007] 

[Means for Solving the Problem] This invention which solved the above- 
mentioned technical problem is an R2T14B mold intermetallic compound (R is 
one sort of the rare earth elements containing Y, or two sorts or more). It is the 
R-T-B system sintered magnet made into the main phase. T - Fe, or Fe and Co - 



- it is - The amount of calcium contained impossibly is less than (0 is not 
included) 0.02 % of the weight. While what the main phase crystal grain part 
which exists through a rare earth rich phase becomes from at least two or more 
main phase crystal grain, a core part and the surface section, is included, the 
diameter of average crystal grain of the main phase crystal grain of said surface 
section is the R-T-B system sintered magnet which is 0.5-50nm. While having 
said calcium content, when the main phase crystal grain part consists of at least 
two or more main phase crystal grain, a core part and the surface section, 
compared with the case where the alloy powder for R-T-B system sintered 
magnets by the above-mentioned conventional reduction diffusion method is 
used, a square shape ratio (Hk/iHc), coercive force iHc, etc. can be improved 
notably. Moreover, when the main phase crystal grain part which exists through a 
rare earth rich phase is counted among one piece in said sintered magnet, When 
the number ratio which the main phase crystal grain part which consists of an 
aforementioned core part and the aforementioned surface section occupies is 
less than 50% in the main phase crystal grain part whose number is 100 The R- 
T-B system sintered magnet which improved notably a square shape ratio 
(Hk/iHc), coercive force iHc, etc. compared with the case where the alloy powder 
for R-T-B system sintered magnets by the above-mentioned conventional 
reduction diffusion method is used is obtained. Said sintered magnet is weight %. 
A major component presentation Moreover, R:27 - 33%, B:0.8 - 1.5%, and 
M:0.01 - 1% (it Ga(s) and Nb(s) M - aluminum -) When less than 0.6% and a 
carbon content are [ 0.2% or less and a consistency ] three or more 7.53 g/cm, 
the amount of oxygen which consists of one sort of Cu or two sorts or more, and 
the remainder T, and is contained impossibly The square shape ratio (Hk/iHc) in 
20 degrees C becomes 95% or more, maximum energy product (BH) max 
becomes more than 302.5 kJ/m3 (38MGOe), and it is desirable. 
[0008] On the occasion of manufacture of the sintered magnet of this invention, 
the vacuum heating conditions carried out to a Plastic solid indispensable are 
explained below. First, the alloy powder for R-T-B system sintered magnets 



manufactured by the reduction diffusion method is fabricated among [ after 
grinding to predetermined particle size ] a magnetic field, and a Plastic solid is 
acquired. Next, heat treatment for decalcium which heats a Plastic solid at 850- 
1050 degrees C in the vacuum of 133 to 1.2x10 to 3 Pa (1x100 - 9x10-6Torr) is 
performed. The 1st step of vacuum heat-treatment especially heated to said 
Plastic solid at 550-650 degrees C in the vacuum of 133 to 1.2x10 to 3 Pa (1x100 
- 9x10-6Torr), Then, by performing the 2nd step of vacuum heat-treatment 
heated at 850-1050 degrees C in the vacuum of 133 to 1.2x10 to 3 Pa (1x100 - 
9x10-6Torr), since the amount of oxygen is reduced while decalcium becomes 
remarkable, it is desirable, vacuum heat-treatment conditions -- the case of one 
step of vacuum heat-treatment ~ the degree of vacuum of 1 33 to 1 .2x1 0 to 3 Pa 
(1x100 - 9x10-6Torr) - and it is desirable to choose whenever [ stoving 
temperature / of 850-1050 degrees C ] because of decalcium. calcium removed 
by this vacuum heat-treatment is considered to be the part which exists in the 
state of Metal calcium. That is, whenever [ 1 step of stoving temperature / of 
vacuum heat-treatment ] has desirable 1050 degrees C or less with it. [ more 
than the good and melting point (851 degrees C) of Metal calcium, and ] [ lower 
than sintering temperature ] In 1050-degree-C **, the eburnation by sintering 
progresses rapidly and decalcium is because it is difficult. The range of one step 
of still more desirable vacuum heat-treatment temperature is 900-1000 degrees 
C. The heating time of one step of vacuum heat-treatment has 0.5 - 5 desirable 
hours. Decalcium is not fully performed, a decalcium reaction is saturated with ** 
for 5 hours, and heat treatment cost increases in less than 0.5 hours. If a degree 
of vacuum is 133 to 1 .2x10 to 3 Pa on industrial production (1x100 - 9x10-6Torr), 
it is enough to realize decalcium. Decalcium is difficult and adoption of the high 
vacuum of ** (9x10-6Torr) is lacking in practicality 1.2x10 to 3 Pa at under 133Pa 
(1x100Torr). the case of two steps of vacuum heat-treatment -- as the 1st step of 
vacuum heat-treatment conditions -- the inside of the vacuum of 133 to 1.2x10 to 
3 Pa (1x100 - 9x10-6Torr) - and it is desirable especially from the point of 
reduction of the amount of oxygen to adopt 550-650-degree C heating conditions. 



I 



It is judged that this has that the temperature which calcium (0H)2 which is a 
reaction by-product divides into CaO and H20 is near 580 degree C, and 
correlation. Examination of this invention persons showed that the oxidation at 
the time of decalcium was suppressed, and the amount of oxygen could be 
reduced if the conditions of the 1st step of vacuum heat-treatment are set up so 
that it may dehydration-ize at about 580 degrees C. Less than 550 degrees C of 
dehydration-izing are insufficient, and the inclination for oxidation resulting from 
the pyrolysis of a reaction by-product to become remarkable was accepted in 
650-degree-C **. Heating maintenance of the 1st step of vacuum heat-treatment 
has 0.5 - 5 good hours. The reason for limitation of the 2nd step of vacuum heat- 
treatment conditions is the same as that of the above. 
[0009] The reason for presentation limitation of the R-T-B system sintered 
magnet of this invention is explained below. Hereafter, it is weight % which is 
only being described as %. 27 - 33% of the amount of R is desirable. The 
implementation of iHc whose amount of R is equal to practical use at less than 
27% is difficult, and Br falls greatly by ** 33%. It is chosen so that at least one 
sort of Nd, Dy, and Pr may be practically included as R. 0.8 - 1 .5% of the amount 
of B is desirable, and is more desirable. [0.9-1 .2% of ] The implementation of 
iHc whose amount of B is equal to practical use at less than 0.8% is difficult, and 
Br falls greatly by ** 1 .5%. 0.01 - 1 % of the amount of Nb(s) is desirable. At less 
than 0.01%, depressor effect [ as opposed to coarsening at the time of sintering 
in the amount of Nb(s) ] is not acquired, but Br falls greatly by ** 1%. 0.01 - 1 % of 
the amount of aluminum is desirable. At less than 0.01%, the improvement 
effectiveness of iHc is not acquired for the amount of aluminum, but Br falls 
greatly by ** 1%. 0.01 - 1% of the amount of Ga(s) is desirable. At less than 
0.01 %, the improvement effectiveness of iHc is not acquired for the amount of 
Ga(s), but Br falls greatly by ** 1%. 0.01 - 1% of the amount of Cu(s) is desirable. 
Although minute amount addition of Cu brings about improvement in iHc, 
effectiveness is not accepted at less than 0.01%, but the improvement 
effectiveness of iHc is saturated with ** 1%. 0.3 - 5% of the amount of Co(es) is 



desirable. At less than 0.3%, the Curie point and the corrosion-resistant 
improvement effectiveness are not acquired for the amount of Co(es), but Br and 
iHc fall greatly by ** 5%. In order to realize the R-T-B system sintered magnet 
and ring magnet which bear heat-resistant applications, such as a rotating 
machine or a voice coil motor, less than 0.6% of the amount of oxygen contained 
impossibly is desirable, is more desirable, and is desirable. [ especially less than 
0.2% of ] [ 0.4% or less of ] Furthermore, when the amount of oxygen is reduced 
to 0.3% or less, R content is preferably good to consider as 29 - 31 % more 
preferably 28 to 32%. Since rare earth carbide increases by the increment in a 
carbon content and magnetic properties fall, a carbon content is more preferably 
[ 0.1% or less of ] good 0.2% or less preferably. 
[0010] 

[Embodiment of the Invention] Desirable manufacture conditions other than the 
vacuum-heat-treatment condition concerning this invention are explained. They 
are mixed for the 1 .0 times as many metal calcium as the amount (stoichiometric 
initial complement) taken to return the oxide (Nd, Dy) powder of 99.9% or more 
of purity, Fe-B powder, Fe powder of a particle-size the undershirt of 106 
micrometers, and said rare earth oxide 100% on a reaction formula after 
weighing capacity, respectively so that a major component may serve as 
Remainder Fe R (Nd, Dy):30%, B:1.0%, and aluminum:0.03%. A reducing agent 
is not limited to calcium but Mg, CaH2, or MgH2 are useful. A stoichiometric 
initial complement has 0.5 to 2 desirable times. A stoichiometric initial 
complement cannot perform useful reduction/diffusion reaction on industrial 
production in less than 0.5 times, but in 2 double **, the amount of the reducing 
agent which remains increases and magnetic properties fall greatly. Next, the 
R/D reaction which heats mixture in an argon ambient atmosphere behind an ON 
furnace to a RID fission reactor for 1000-1300 degree-Cx 1 to 10 hours is 
performed, and it cools to a room temperature after that. Less than [ 1000 
degree-Cx1 hour ], a useful R/D reaction is not realized for the heating conditions 
of a R/D reaction on industrial production, but a R/D reaction is saturated with ** 



for 1300 degree-Cx 10 hours. Next, the acquired R/D resultant is washed after 
coarse grinding in particle size of several mm. By washing, the unreacted metals 
(OH) calcium [ calcium, CaO and ] 2 or CaC03 grade which is a R/D reaction by- 
product is extracted in a penetrant remover, and it washes away with a penetrant 
remover. For example, as a penetrant remover, water is used as the base, and if 
the penetrant remover which carried out 5x10-3 g/l addition of the inhibitor of a 
publication etc. (water-soluble rusr-proofer etc.) is used for JP,63-310905,A, the 
oxidation depressor effect under washing or after washing can be acquired. It is 
continuously dehydrated and immersed into industrial alcohol (isopropyl alcohol 
etc.) after washing. It deliquors after that, and it dries continuously in the vacuum 
of 13.3 to 1 .2x10 to 3 Pa (10-1 - 9x10-6Torr), and the R/D powder for R-T-B 
system sintered magnets is obtained. Next, R/D powder is pulverized in mean 
particle diameter of 2-10 micrometers in an inert gas ambient atmosphere. 
Subsequently, the aforementioned vacuum heat-treatment is performed after 
shaping among a magnetic field on the conditions which suppressed advance of 
oxidation. Then, the sintered magnet of this invention is obtained by performing 
sintering, heat treatment, and surface treatment. Surface treatment applies well- 
known surface treatment, such as electrolysis nickel plating or non-electrolyzed 
nickel plating. 

[001 1] Hereafter, this invention is not limited by these examples although an 
example explains this invention. (Example 1) as a mother raw material - each - 
Nd2 of 99.9% or more of purity - 03 and Pr6 - 01 1 and Dy2 - the weighing 
capacity of the metal calcium grain (mean particle diameter of several mm) was 
further increased 1.0 times of a stoichiometric initial complement required for 
reduction of said oxide after optimum dose [ every ] weighing capacity, 
respectively so that it might become the major component presentation of Table 
1 about 03, FeB, Ga4Fe3, and Fe powder (screen analysis particle-size 
undershirt of 106 micrometers). Next, each which carried out weighing capacity 
was supplied to the mixer, and it mixed. Next, after heating mixture in argon **** 
behind the ON furnace to the R/D fission reactor for 1 100 degree-Cx 4 hours and 



performing a R/D reaction, it cooled to the room temperature. Next, the R/D 
resultant lump was thrown in in the penetrant remover, and it dehydrated after 
predetermined time washing. Then, it dried in the room temperature and about 
6.7Pa (0.05Torr) vacuum, and R-Fe-B system R/D coarse powder was obtained. 
Next, it pulverized in mean particle diameter of 4 micrometers with the jet mill 
which uses R/D coarse powder the screen analysis back, and uses nitrogen gas 
as tumbling media at a 32-mesh undershirt. It is weight %, major components are 
Nd:23.77%, Pr:6.03%, Dy:2.28%, B:1.10%, Ga:0.12%, and Remainder Fe, and 
the presentation of these fines contained calcium:0.122%, 0:0.550%, and 
C:0.083% as an unescapable impurity. Next, horizontal magnetic field shaping of 
said fines was carried out with impression magnetic-field-strength 636.6 kA/m 
(8kOe) and the moulding pressure of 1.6x108Pa (1.6 t/cm2). Subsequently, 
vacuum heat-treatment of 1000 degree-Cx 1 hour was performed to the Plastic 
solid in the vacuum of about 6.7x10 to 4 Pa (5x10-6Torr). Then, sintering of 1080 
degree-Cx 2 hours was performed in the vacuum of about 1.3x10 to 2 Pa (1x10- 
4Torr). Then, heat treatment of 900 degree-Cx 1 hour, and 550 degree-Cx 1 hour 
was performed in the argon ambient atmosphere. The magnetic properties which 
measured the analysis value of the sintered compact after heat treatment at the 
room temperature (20 degrees C) to Table 1 again are shown in Table 2. Next, 
barrel finishing was performed after processing a sintered compact into a 
predetermined dimension. Then, after performing plating pretreatment, the 
electrolysis nickel plating of 10 micrometers of average thickness was covered. 
This sintered magnet had the good corrosion resistance which is equal to 
practical use. 

(Example 1 of a comparison) The sintered magnet was produced like the 
example 1 except having sintered the Plastic solid of an example 1 as it was, 
without performing vacuum heat-treatment of an example 1 . The analysis value 
of this sintered compact and the measurement result of magnetic properties are 
shown in Tables 1 and 2, respectively. As for the comparison with the example 1 
and the example 1 of a comparison in Tables 1 and 2, in the sintered magnet of 



the example 1 which performed vacuum heat-treatment of 1000 degree-Cx 1 
hour in the vacuum of the about 6.7x10 to 4 aforementioned Pa (5x10-6Torr) and 
which carried out the afterbaking join, calcium content is decreasing notably and 
that it is low also shows the amount of oxygen. Moreover, compared with the 
example 1 of a comparison, the sintered magnet of an example 1 is understood 
that each a consistency, Br and iHc, (BH) max, and a square shape ratio (Hk/iHc) 



are high. 
[0012] 
[Table 1] 
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0. 073 


0. 540 


bal. 


stem 


23. 70 


6. 00 


2. 28 


1. 10 


0. 12 


0. 011 


0. 072 
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[0013] 
[Table 2] 
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7. 58 


12. 4 


20. 0 
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[0014] (Example 2) It pressed using the pulverizing powder produced in the 
example 1, impressing a radial anisotropy magnetic field in predetermined 
shaping equipment, and the Plastic solid which gave the radial anisotropy was 
produced. Then, two steps of vacuum heat-treatment which heats a Plastic solid 
further after 600 degree-Cx 1-hour heating for 1000 degree-Cx 1 hour in the 
vacuum of about 1 .3x10 to 4 Pa (1x10-6Torr) in the vacuum of about 6.7x10 to 4 



Pa (5x10-6Torr) was performed. Then, after performing sintering of 1080 degree- 
Cx 2 hours in the vacuum of about 1.3x10 to 2 Pa (1x10-4Torr), it cooled to the 
room temperature. Next, heat treatment of 900 degree-Cx 1 hour, and 550 
degree-Cx 1 hour was performed to said sintered compact once each in the 
argon ambient atmosphere. A consistency is shown for the analysis value of the 
sintered compact after heat-treating to Table 1 in Table 2. Next, epoxy resin 
coating (10 micrometers of average thickness) was performed after processing 
until the sintering skin was lost, and the sintered ring magnet which has a radial 
anisotropy with the outer diameter of 30mm, a bore [ of 24mm ], and a shaft- 
orientations die length of 10mm was produced. Next, after giving symmetry 4 
pole magnetization to the hoop direction of a peripheral face on the conditions on 
which the magnetic properties of this ring magnet are saturated in the 
atmospheric air of a room temperature, the amount of total magnetic flux was 
measured. Consequently, the high amount of total magnetic flux useful as a 
rotating machine was obtained. 

(Example 2 of a comparison) The Plastic solid which has the radial anisotropy 
produced in the example 1 was cooled to the room temperature after 1080 
degree-Cx 2-hour sintering as it was. The sintered ring magnet which has a 
radial anisotropy like an example 2 was produced and evaluated henceforth. The 
analysis value of a sintered compact is shown in Table 1, and a consistency is 
shown in Table 2. Moreover, as a result of measuring the amount of total 
magnetic flux like an example 2, the amount of total magnetic flux was low 8% 
compared with the sintered ring magnet of an example 2. Since the temperature 
which calcium (OH)2 contained as an impurity is dehydrated, and is set to CaO is 
about 600 degrees C, the ring magnet of an example 2 is judged to be the 
effectiveness that oxidation of the magnetic powder by H20 desorbed from the 
amount of oxygen being reduced compared with the sintered magnet of an 
example 1 by the 1st step of vacuum heat-treatment of said 600 degree-Cx 1 
hour was controlled. 

[0015] (Example 3) Weighing capacity of a mother raw material and the metal 



calcium (1 .1 times of a stoichiometric initial complement) was carried out by the 
optimum dose ratio, and R/D reaction, washing, and desiccation were performed 
like the example 1 except having mixed so that a major component might 
become the R/D powder of Remainder Fe by weight % Nd:19.57%, Pr:5.33%, 
Dy:4.96%, B:0.88%, and Ga:0.08%. Using the obtained R/D coarse powder, by 
using nitrogen gas as tumbling media, jet mill pulverizing was carried out and 
fines with a mean particle diameter of 3.3 micrometers were obtained. Next, in 
the straight mineral oil (trade name: Idemitsu Kosan production light super sol 
PA-30) which installed said fines in the fines exhaust port of a jet mill, without 
making atmospheric air touched, it collected directly and slurred. Next, using this 
slurry, the horizontal magnetic field wet compaction was performed on 
impression magnetic-field-strength 795.8 kA/m (10kOe) and conditions with a 
compacting pressure of 7.8x1 07Pa (0.8 t/cm2), and the abbreviation flat sector- 
like Plastic solid was acquired. Next, deoiling processing which heats in about 
6.7Pa (5x10-2Torr) vacuum for 200 degree-Cx 2 hours was performed after 
feeding a Plastic solid into a vacuum heating furnace. The 1st step of vacuum 
heat-treatment of 600 degree-Cx 1 hour was succeedingly performed in the 
vacuum of about 6.7x10 to 4 Pa (5x10-6Torr). Then, the 2nd step of vacuum 
heat-treatment of 1000 degree-Cx 1 hour was performed in the vacuum of about 
6.7x10 to 4 Pa (5x10-6Torr). Then, it cooled to the after [ 1070 degree-Cx 3 hour 
heating ] room temperature in the vacuum of about 1.3x10 to 2 Pa (1x10-4Torr), 
and the sintered compact was obtained. Next, after processing a predetermined 
configuration, in the argon ambient atmosphere, heat treatment of 900 degree-Cx 
1 hour, and 550 degree-Cx 1 hour was performed once each, and it cooled to the 
room temperature. Next, barrel finishing was performed and plating pretreatment 
was performed after that. Then, electrolysis nickel plating (10 micrometers of 
average thickness) was covered, and the sintered magnet of this invention was 
obtained. The analysis value of said sintered compact is shown in Table 1 , and 
magnetic properties and a consistency are shown in Table 2. Next, the flat 
sector-like sintered magnets 22 and 22 (thickness tm=4mm) of the produced pair 



were respectively pasted up on the front face of York 23 and 25 made from a 
ferromagnetic after magnetization and through the magnetic opening 40 on the 
conditions with which magnetic properties are saturated, and the voice coil motor 
20 of drawing 4 was produced. Next, in the magnetic opening 40 of a voice coil 
motor 20, when the opening flux density of the point P that are (tg/2) and opening 
flux density shows peak value was measured, opening flux density useful as a 
voice coil motor was obtained. 

(Example 3 of a comparison) The Plastic solid of the shape of an abbreviation flat 
sector produced in the example 3 was cooled to the after [ 1070 degree-Cx 3 
hour heating ] room temperature as it was in the vacuum of about 1.3x10 to 2 Pa 
(1x10-4Torr), and the sintered compact was obtained. The flat sector-like 
sintered magnet (thickness tm=4mm) was produced like the example 3 
henceforth. The sintered magnet of this example of a comparison was replaced 
with the flat sector-like sintered magnets 22 and 22 of an example 3, and was 
built into the voice coil motor 50 of drawing 4 . Next, in this voice coil motor, the 
opening flux density of the location where it is (tg/2), and opening flux density 
shows peak value was measured. Consequently, compared with the voice coil 
motor of an example 3, the peak value of opening flux density was low 5%. The 
comparison of an example 3 and the example 3 of a comparison shows that it 
becomes the high density by which the amount of oxygen is reduced further and 
is equivalent to an R2Fe14B mold intermetallic compound (the main phase) by 
performing the hypoxia process (wet compaction process) which can prevent 
advance of oxidation, and said vacuum heat-treatment, and the opening flux 
density of a voice coil motor can be improved further. Although the example 3 
indicated the case where straight mineral oil was used, synthetic oil or vegetable 
oil may be used. Or the mixture of straight mineral oil, synthetic oil and synthetic 
oil, vegetable oil and straight mineral oil, synthetic oil, and vegetable oil may be 
used, calcium content can be made and 0.1% or less and a consistency can be 
made [ the amount of oxygen of the R-T-B system sintered magnet which comes 
to blend R/D alloy powder 100% ] into 7.57 - 7.70 Mg/m3 (g/cm3) for a carbon 



content less than (0 is not included) 0.02% less than 0.2% by weight % by using 
together the wet compaction process of a publication, and said vacuum heat- 
treatment in the example 3. In 20 degrees C, iHc of (BH) max of 302.5 - 398 
kJ/m3 (38 - 50MGOe), and 1432.4 - 1989.5 kA/m (18-25kOe) and 95 - 98% of 
(Hk/iHc) are realizable for coincidence. 

[0016] (Example 4) After starting a tabular sample with a thickness of 1mm, 
respectively from each sintered magnet of examples 1-3 and the examples 1-3 of 
a comparison, it ground in thickness of 100 micrometers by wrapping processing. 
Then, it thin-film-ized in thickness of about 0.1 micrometers by Ar ion milling etc. 
Next, after carrying out the sequential set of said each thin film sample at 
transmission electron microscope FE-TEM (trade name: HF-2100) by Hitachi, 
Ltd., it gazed at the cross-section organization of each thin film sample on the 
acceleration voltage of 200kV, filament current 50microA, and conditions with a 
resolution of 19nm, and the cross-section photograph was taken. Moreover, 
identification of a presentation of the observed object visual field was performed 
on conditions with a beam diameter of 0.7nm using the EDX analysis apparatus 
(the product made from NORAN, trade name:VANTAGE). Drawing 1 is the 
photograph which photoed the cross-section organization which shows the 
typical main phase crystal grain part of the sintered magnet of an example 1 with 
said transmission electron microscope. Drawing 2 is a mimetic diagram 
corresponding to drawing 1 . 1 and 21 were the main phase crystal grain of a 
core part from the electron diffraction result etc., and 5 and 25 are the surface 
sections which consist of two or more main phase crystal grain in the range 
whose diameter of average crystal grain is 0.5-50nm, respectively, and it turned 
out that 13 is a rare earth rich phase. The main phase crystal grain parts 10 and 
30 exist through the rare earth rich phases 13 (point B etc.). Electron diffraction 
was performed in respect of [ F ] the point C of the surface section 5, Point D and 
Point E, the point A of a core part 1 , and the core part 21, and the c-axis bearing 
difference between each measuring point was measured. A result is shown in 
Table 3. In Table 3, A-C means the c-axis bearing difference of Point A and Point 



C. From Table 3, the include angle of c-axis bearing of a core part 1 (point A) and 
c-axis bearing of each **** crystal grain of the point C of the surface section 5, 
Point D, and Point E to make was 5-76 degrees. This result shows that the main 
phase crystal grain which constitutes the surface section 2 has random c-axis 
bearing. Moreover, the c-axis bearing difference of the core part 1 and core part 
21 which exist through the rare earth rich phase 13 was less than 1 degree. This 
is most judged to be what shows the effectiveness in which the main phase 
crystal grain of the core part of the diameter of a large drop carried out 
orientation in the direction of an impression magnetic field each whole fines 
particle at the time of compression molding in a magnetic field. 
[0017] 
[Table 3] 
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[0018] The cross-section organization of the sintered magnet of an example 1 
gazed at microstructures other than drawing 1 and 2. The description of the 
microstructure of the sintered magnet of an example 1 is typically shown in 
drawing 3 . In drawing 3 , the main phase crystal grain parts 60, 70, and 80 exist 
through the rare earth rich phase 77. The main phase crystal grain parts 60 are 
drawing 1 and the same microstructure as 2. 61 is the main phase crystal grain 
of a core part, and the surface section which 65a becomes from the detailed 
main phase crystal grain of wrap plurality about a core part 61 . The main phase 
crystal grain part 70 consists of main phase crystal grain 71 of a core part, and 
detailed main phase crystal grain 72 with which the surface section of a core part 
71 is dotted. The main phase crystal grain part 80 consists only of one main 
phase crystal grain 85. Moreover, in the sintered magnet of an example 1, when 
the main phase crystal grain part was counted among one piece, 11 pieces and 
83 main phase crystal grain partial 80 molds were observed [ per / which was 
observed / 100 main phase crystal grain parts and the main phase crystal grain 



part of 65 molds of drawing 3 ] for six pieces and the main phase crystal grain 
part of 70 molds of drawing 3 . Next, like the above, the cross-section 
organization of the sintered magnet of examples 2 and 3 and the examples 1-3 of 
a comparison was photoed, respectively, and was evaluated. In each cross- 
section photograph, when each **** crystal grain part was counted among one 
piece, the number ratio of the main phase crystal grain part which consists of two 
or more main phase crystal grain of per [ which was observed ] 100 main phase 
crystal grain parts, a core part, and the surface section was measured. A result is 
shown in Table 4. Table 4 shows that the number ratio of the main phase crystal 
grain part which consists of two or more main phase crystal grain of a core part 
and the surface section is less than 50% in the sintered magnet of examples 1-3. 
[0019] 
[Table 4] 
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[0020] Although the above-mentioned example indicated the voice coil motor, 
this invention is not limited to this but can constitute a useful spindle motor or a 
useful linear motor. 

[0021] This invention is not limited to the R-T-B system sintered magnet 
manufactured only using R/D powder, but includes the R-T-B system sintered 
magnet which comes to blend R/D powder and ingot alloy powder by the 
predetermined ratio. In this case, in order to reduce a raw material cost, 10-100 
weight section:90 - 0 weight section of : (R/D powder) (ingot alloy powder) is 
desirable, 30-100 weight section:70 - 0 weight section is more desirable, and 
especially 50-100 weight section:50 - 0 weight section is desirable. 
[0022] Although Metal calcium was used for the reducing agent in the above- 
mentioned example, even when the hydride of calcium, the hydrides of Metals 



Mg and Mg, or those mixture are used, while Mg content or (calcium+Mg) a 
content is made to less than (0 is not included) 0.02% of the weight, the sintered 
magnet which has the amount of oxygen, carbon content, and microstructure of 
the above-mentioned amount range of specification can be offered. 
[0023] Although the above-mentioned example indicated the ring magnet which 
has a radial anisotropy, this invention is not limited to this. When the number of 
magnetic poles produces the R-T-B system sintered ring magnet which has the 
R-T-B system sintered ring magnet or path 2 polar anisotropy which has the 
surface multi-electrode anisotropy of four to 32 pole, notably high magnetic 
properties can be realized compared with the case where the alloy powder for R- 
T-B system sintered magnets by the conventional reduction/diffusion method is 
used. 
[0024] 

[Effect of the Invention] according to this invention as description, it was 
manufactured using the alloy powder for R-T-B system sintered magnets by the 
reduction diffusion method above - it is cheap and the R-T-B system sintered 
magnet, ring magnet, and voice coil motor of high performance can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the photograph which photoed the typical cross-section 
organization of the sintered magnet of this invention with the transmission 
electron microscope. 

[Drawing 2] It is a mimetic diagram explaining drawing 1 . 

[Drawing 3] It is a mimetic diagram explaining the microstructure of the sintered 

magnet of this invention. 

[Drawing 4] It is the A-A line view sectional view (b) of the important section 
sectional view (a) of the voice coil motor of this invention, and (a). 
[Description of Notations] 

1, 21, 61, 71, 85 A core part, 5, 25, 65, 72 Surface section, 10. 30, 60, 70, 80 13 
The main phase crystal grain part, 77 Rare earth rich phase, 20 A magnetic pole 
boundary, 22 A flat-like magnet, 23 Upper York made from a ferromagnetic, 24 
The stanchion made from a ferromagnetic, 25 Bottom York made from a 
ferromagnetic, 40 A magnetic opening, 26 A moving coil, 27 An arm, 30 A shaft, 
31 The straight line, 32 which connect the core of a moving coil, and the core of a 
shaft The straight line, 50 which connected the core of a shaft, and the straight 
line along a magnetic pole boundary A voice coil motor, 65a The main phase 
microcrystal grain. 
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[Drawing 1] 
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